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(57) A process flow tracking system for use in a process 
plant having a process control system embedded in 
one or more controllers and further having a 
processor communicatively coupled to the one or 
more controllers, the process flow tracking system 
comprising, a computer readable memory, a 
process flow module stored on the computer 
readable memory including a plurality of 
interconnected objects representing different 
entities within the process plant and adapted to 
receive data pertaining to the different entities 
within the process plant and to display to a user a 
representation of the different entities within the 
process plant as interconnected within the process 
flow module, and one or more flow algorithms 
stored on the computer readable memory and 
adapted to be executed on the processor to interact 
with the process flow module to perform flow 
analysis for the different entities within the process 
plant as interconnected within the process flow 
module. 
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SMART PROCESS MODULES AND OBJECTS IN PROCESS PLANTS 

TECHNICAL FTRT-D 

The present invention relates generally to process plants and, more particularly, to an 
intelligent operator environment that enables viewing and device condition detection 
functionality at the system level of a distributed control process plant. 

DESCRIPTION OF THE RELATED ART 
Distributed process control systems, like those used in chemical, petroleum or other 
processes, typically include one or more process controllers communicatively coupled to one 
or more field devices via analog, digital or combined analog/digital buses. The field devices, 
which may be, for example, valves, valve positioners, switches and transmitters (e.g., 
temperature, pressure, level and flow rate sensors), are located within the process 
environment and perform process functions such as opening or closing valves, measuring 
process parameters, etc. Smart field devices, such as the field devices conforming to the 
well-known Fieldbus protocol may also perform control calculations, alarming functions, and 
other control functions commonly implemented within the controller. The process 
controllers, which are also typically located within the plant environment, receive signals 
indicative of process measurements made by the field devices and/or other information 
pertaining to the field devices and execute a controller application that runs, for example, 
different control modules which make process control decisions, generate control signals 
based on the received information and coordinate with the control modules or blocks being 
performed in the field devices, such as HART and Fieldbus field devices. The control 
modules in the controller send the control signals over the conmiunication lines to the field 
devices to thereby control the operation of the process. 

Information fi-om the field devices and the controller is usually made available over a 
data highway to one or more other hardware devices, such as operator workstations, personal 
computers, data historians, report generators, centrahzed databases, etc., typically placed in 
control rooms or other locations away from the harsher plant environment. These hardware 
devices mn applications that may, for example, enable an operator to perform functions with 
respect to the process, such as changing settings of the process control routine, modifying the 
operation of the control modules within the controller or the field devices, viewing the 
current state of the process, viewing alarms generated by field devices and controllers. 



simulating the operation of the process for the purpose of training personnel or testing the 
process control software, keeping and updating a configuration database, etc. 

As an example, the Delta VTM control system, sold by Fisher-Rosemount Systems, 
Inc. includes multiple applications stored within and executed by different devices located at 
diverse places within a process plant. A configuration application, which resides in one or 
more operator workstations, enables users to create or change process control modules and 
download these process control modules via a data highway to dedicated distributed 
controllers. Typically, these control modules are made up of communicatively 
interconnected function blocks, which are objects in an object oriented programming 
protocol, which perfoim functions within the control scheme based on inputs thereto and 
which provide outputs to other fiinction blocks within the control scheme. The configuration 
application may also allow a designer to create or change operator interfaces which are used 
by a viewing application to display data to an operator and to enable the operator to change 
settings, such as set points, within the process control routine. Each dedicated controller and, 
in some cases, field devices, stores and executes a controller application that runs the control 
modules assigned and downloaded thereto to implement actual process control functionality. 
The viewing applications, which may be run on one or more operator workstations, receive 
data from the controller application via the data highway and display this data to process 
control system designers, operators, or users using the user interfaces, and may provide any 
of a number of different views, such as an operator's view, an engineer's view, a technician's 
view, etc. A data historian appHcation is typically stored in and executed by a data historian 
device that collects and stores some or all of the data provided across the data highway while 
a configuration database application may run in a still further computer attached to the data 
highway to store the current process control routine configuration and data associated 
therewith. Alternatively, the configuration database may be located in the same workstation 
as the configuration application. 

As noted above, operator display applications are typically implemented on a system 
wide basis in one or more of the workstations and provide preconfigured displays to the 
operator or maintenance persons regarding the operating state of the control system or the 
devices within the plant. Typically, these displays take the form of alarming displays that 
receive alarms generated by controllers or devices within the process plant, control displays 
indicating the operating state of the controllers and other devices within the process plant, 
maintenance displays indicating the operating state of the devices within the process plant. 
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etc. These displays are generally preconfigured to display, in known manners, infonnation or 
data received from the process control modules or the devices within the process plant. In 
some known systems, displays are created through the use of objects that have a graphic 
associated with a physical or logical element and that is communicatively tied to the physical 
or logical element to receive data about the physical or logical element. The object may 
change the graphic on the display screen based on the received data to illustrate, for example, 
that a tank is half full, to illustrate the flow measured by a flow sensor, etc. While the 
information needed for the displays is sent from the devices or configuration database within 
the process plant, that information is used only to provide a display to the user containing that 
information. As a result, all information and programming that is used to generate alarms, 
detect problems within the plant, etc. must be generated by and configured within the 
different devices associated with the plant, such as controllers and field devices during 
configuration of the process plant control system. Only then is this information sent to the 
operator display for display during process operation. 

While error detection and other programming is useful for detecting conditions, 
errors, alarms, etc. associated with control loops running on the different controllers and 
problems within the individual devices, it is difficult to program the process plant to 
recognize system-level conditions or errors that must be detected by analyzing data from 
different, possible diversely located devices within the process plant. Still further, operator 
displays have typically not been used to indicate or present such system-level condition 
information to operators or maintenance persomiel and. in any event, it is difficult to animate 
objects within operator displays with these alternate sources of infonnation or data for the 
different elements within the display. Moreover, there is currently no organized mamier of 
detecting certain conditions within a plant, such as flow conditions and mass balances, as 
materials move through a plant, much less an easily implementable system for performing 
these functions on a system-level basis. 

SUMMARY 

An operator workstation or other computer runs an execution engine that executes 
process flow modules made up of interconnected smart process objects, each of which 
displays information about a particular entity within the process and which may include 
behavior or methods that can be used to detect conditions within the plant. The process flow 
modules may also include behavior or methods, called flow algorithms, that can be used to 
detect process conditions, especially on a system-level basis. The smart process objects may 
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include a display element to be displayed to the operator, data storage for storing data 
pertaining to and received from an associated entity within a plant, inputs and outputs for 
communicating with other smart process objects and methods that may be executed on the 
stored and received data to detect plant or device conditions, such as leaks, errors and other 
conditions. The smart process objects may be communicatively connected together to create 
a process flow module that provides a display for, and implements a set of rules for a plant 
entity, such as an area, device, element, module, etc. 

In one embodiment, each smart process object is associated with a plant entity, such 
as a field device, controller, or logical element, and includes a data store for parameter or 
variable data associated with that entity. The smart process object is communicatively 
coupled to the entity, either directly or through a configuration database, to receive data 
associated with that entity. Each smart process object may also be communicatively coupled 
to other smart process objects within the operator interface to send data to and receive data 
from the other smart process objects and may include methods or routines for operating on 
the data available to the smart process object to detect conditions associated with the device 
or plant. For example, a smart process object for a tank may be coupled to smart process 
objects for pumps or flow transmitters upstream and downstream of the tank and receive data 
indicative of the upsfream and downstream flows into and out of the tank. A method 
associated with the tank object may detect leaks in the tank by comparing the level of the 
tank with the expected level in the tank based on the flows into and out of the tank. Still 
further, the process flow modules may include flow algorithms that can be implemented on 
the combination of entities therein to detect system-level conditions, for example, to detect 
mass balances, flow conditions, etc. 

The smart process objects and process flow modules enable the implementation of 
condition and error detection routines at the operator display device, and may work together 
with or eliminate the need to provide this functionality down within the controller and field 
devices of the plant. These smart process objects and process flow modules also provide the 
operator with another degree of programming flexibility within the process plant that can be 
used to provide better and more complete information to the operator while still being easy to 
use and implement. Still further, the operator displays may be animated with information 
detennined by or calculated by flow algorithms of the process flow modules. 



BRIEF DESC RIPTION OF THE DRAWINGS 
Fig. 1 IS a block diagram of a distributed process control network located within a 
process plant including an operator workstation that implements a display routine which uses 
smart process objects and process flow modules to analyze the process plant; 

Fig. 2 is a logical block diagram of a set of applications and other entities, including 
smart process objects and process flow modules, stored in the operator workstation of Fig. 1, 
which may be used to implement enhanced functionality in a process plant; 

Fig. 3 is a depiction of a configuration screen used by an operator to create a process 
display using smart process objects stored in an object library; 

Fig. 4 is a screen display illustrating an operator interface generated by a process flow 
module using multiple smart process objects; and 

Fig. 5 is a logical block diagram of a manner in which process flow modules using 
smart process objects may be created in and implemented within an existing process control 
network. 

DESCRIPTTOM OF TWP PREFERRF.n EMBODTMF.NT?^ 
Refemng now to Fig. 1, a process plant 10 uses a distributed process control system 
having one or more controllers 12, each connected to one or more field devices 14 and 16 via 
input/output (I/O) devices or cards 18 which may be, for example, Fieldbus interfaces. 
Profibus interfaces, HART interfaces, standard 4-20 ma interfaces, etc. The controllers 12 
are also coupled to one or more host or operator workstations 20 and 22 via a data highway 
24 which may be, for example, an Ethernet link. Furthermore, a database 28 may be 
connected to the data highway 24 and operates as a data historian that collects and stores 
parameter, status and other data associated with the controllers and field devices within the 
plant 10 and/or as a configuration database that stores the current configuration of the process 
control system within the plant 10 as downloaded to and stored within the controllers 12 and 
field devices 14 and 1 6. While the controllers 12, input/output cards 18 and field devices 14 
and 16 are typically located down within and distributed throughout the sometimes harsh 
plant environment, the operator workstations 20 and 22 and the database 28 are usually 
located in control rooms or other less harsh environments easily assessable by controller or 
maintenance personnel. 

As is known, each of the controllers 12, which may be by way of example, the DeltaV 
controller sold by Fisher-Rosemount Systems, Inc., stores and executes a controller 



application that implements a control strategy using a number of different, independently 
executed, control modules or blocks. The control modules may each be made up of what are 
commonly referred to as function blocks wherein each function block is a part or a subroutine 
of an overall control routine and operates in conjunction with other function blocks (via 
communications called links) to implement process control loops within the process plant 10. 
As is well known, function blocks, which may be objects in an object oriented programming 
protocol, typically perform one of an input function, such as that associated with a 
transmitter, a sensor or other process parameter measurement device, a control function, such 
as that associated with a control routine that perfomis PID, fuzzy logic, etc. control, or an 
output function which controls the operation of some device, such as a valve, to perform 
some physical function within the process plant 10. Of course hybrid and other types of 
complex function blocks exist such as model predictive controllers (MFCs), optimizers, etc. 
While the Fieldbus protocol and the DeltaV system protocol use control modules and 
function blocks designed and implemented in an object oriented programming protocol, the 
control modules could be designed using any desired control programming scheme including, 
for example, sequential function block, ladder logic, etc. and are not limited to being 
designed using function block or any other particular programming technique. 

In the system illustrated in Fig. 1, the field devices 14 and 16 connected to the 
controllers 12 may be standard 4-20 ma devices, may be smart field devices, such as HART. 
Profibus, or FOU>JDATION™ Fieldbus field devices, which include a processor and a 
memory, or may be any other desired type of device. Some of these devices, such as 
Fieldbus field devices (labeled with reference number 1 6 in Fig. 1), may store and execute 
modules, or sub-modules, such as function blocks, associated with the control strategy 
implemented in the controllers 12. Function blocks 30, which are illustrated in Fig. 1 as 
being disposed in two different ones of the Fieldbus field devices 16. maybe executed in 
conjunction with the execution of the control modules within the controllers 12 to implement 
process control, as is well known. Of course, the field devices 14 and 16 may be any types of 
devices, such as sensors, valves, transmitters, positioners, etc. and the I/O devices 18 may be 
any types of I/O devices conforming to any desired communication or controller protocol 
such as HART, Fieldbus, Profibus, etc. 

In the process plant 10 of Fig. 1, the workstation 20 includes a suite of operator 
interface applications and other data structures 32 which can be accessed by any authorized 
user (referred to herein as an operator) to view and provide functionality with respect to 



devices connected within the process plant 10. The suite of operator interface applications 32 
is stored in a memory 34 of the workstation 20 and each of the applications or entities within 
the suite of applications 32 is adapted to be executed on a processor 36 associated with the 
workstation 20. While the entire suite of applications 32 is illustrated as being stored in the 
workstation 20. some of these applications or other entities could be stored in an executed in 
other workstations or computer devices within or associated with the plant 1 0. Furthermore, 
the suite of applications can provide display outputs to a display screen 37 associated with the 
workstation 20 or any other desired display screen or display device, including hand-held 
devices, laptops, other workstations, printers, etc. Likewise, the apphcations within the suite 
of applications 32 may be broken up and executed on two or more computer or machines 
and be configured to operated in conjunction with one another. 

Fig. 2 illustrates some of the applications and data structures or other entities within 
the suite of apphcations (and other entities) 32 of the workstation 20. In particular, the suite 
of applications 32 includes a process flow module configuration appKcation 38 which is used 
by an operator to create process flow modules (and associated displays) using one or more 
smart process objects. A library 40 of smart process objects 42 includes example or template 
smart process objects that may be accessed, copied and used by the configuration application 
38 to create process flow modules 44. As will be understood, the configuration application 
38 may be used to create one or more process flow modules 44, each of which is made up of 
one or more smart process objects and may include one or more process flow algorithms 45, 
which are stored in a process flow module memory 46. One of the process flow modules 44'b 
IS illustrated in Fig. 2 in expanded forni and includes a set of process elements, such as 
valves, tanks, sensors and flow transmitters, intercomiected by connections elements which 
may be pipes, conduit, wires, conveyors, etc. 

An execution engine 48 operates or implements each of the process flow modules 44 
during runtime to create one or more process displays for an operator as defined by the 
process flow modules 44 and to implement additional functionality associated with the 
process flow modules 44 and with the smart process objects within the process flow modules 
44. The execution engine 48 may use a rules database 50 defining the logic to be 
implemented on the process flow modules 44 as a whole and the smart process objects within 
those modules in particular. The execution engine 48 may also use a connection matrix 52 
which defines the comiections between the process elements within the plant 10 as well as 



within the process flow modules 44 to implement the fimctionality for the process flow 
modules 44. 

Fig. 2 illustrates one of the smart process objects 42e in more detail. While the smart 
process object 42e is illustrated as being one of the template smart process objects, it will be 
understood that other smart process objects will generally include the same or similar 
elements, features, parameters, etc. as described with respect to the smart process object 42e 
and that the specifics or values of these elements, features and parameters maybe changed or 
varied from smart process object to smart process object depending on the nature and use of 
that smart process object. Furthermore, while the smart process object 42e may be an object 
within an object oriented programming environment and thus include data stores, inputs and 
outputs and methods associated therewith, this smart process object may be created by and 
implemented within any other desired programming paradigm or protocol. 

As will be understood, the smart process object 42e is an object that is associated with 
a particular entity, such as a physical or a logical entity, within the process plant 1 0 of Fig. 1 . 
The smart process object 42e includes a data store 53 that is used to store data received from 
or pertaining to the logical entity with which the smart process object 42e is associated. The 
data store 53 generally includes a data store 53a that stores general or peimanent infonnation 
about the entity to which the smart process object 42e pertains, like manufacturer, revision, 
name, type, etc. A data store 53b may store variable or changing data, such as parameter ' 
data, status data, input and output data, or other data about the entity to which the smart 
process object 42e pertains including data associated with the entity as it has existed in the 
past or as it now exists within the process plant 10. Of course, the smart process object 42e 
may be configured or programmed to receive this data on a periodic or non-periodic basis, 
from the entity itself via any desired communication link, from the historian 28 via the 
Ethernet bus 24 or in any other desired manner. A data store 53c may store a graphical 
representation of the entity to which the smart process object 42e pertains and which is used 
for actual display to the operator via an operator interface, such as the screen 37 associated 
with the workstation 20 of Fig. 1 . Of course, the graphical representation may include place 
holders (marked by underiines within the data store 53c) for infonnation about the entity, 
such as infonnation defined by the parameter or other variable data about the entity as stored 
in the data store 53b. This parameter data may be displayed in the graphical place holders 
when the graphical representation is presemed to the operator on a display device 37. The 
graphical representation (and the smart process object 42e) may also include predefined 
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connection points (marked by an "X" in the data store 53c) that enable an opei^tor to attach 
upstream or downstream components to the process element, as depicted by the graphical 
representation. Of course, these connection points also enable the smart process object 42e to 
be aware of the elements comiected to that smart object as configured within a process flow 



module. 



The smart process object 42e may also include one or more inputs 54 and outputs 56 
, to enable communication with other smart process objects within or outside of a process flow 
module in which the smart process object 42 is placed. The comiections of the inputs 54 and " 
outputs 56 to other smart process objects may be configured by an operator during 
configuration of a process flow module by simply comiecting other smart process objects to 
these inputs and outputs or by specifying particular communications that are to take place 
between smart process objects. Some of these inputs and outputs may be defined as being 
comiected to the smart process objects comiected at the predefmed connection points for the 
smart process object as discussed above. These inputs 54 and outputs 56 may also be 
determined or defined by a set of rules within the rule database 50 and the comiection matrix 
52 defming the connections between different devices or entities within the plant 10. The 
inputs 54 and the outputs 56, which include data stores or buffers associated therewith will, 
generally speaking, be used to provide communications of data from other smart process 
objects to the smart process object 42e or to provide communications of data stored within or 
generated by the smart process object 42e to other smart process objects. These inputs and 
outputs may also be used to provide communications between the smart process object 42e 
and other objects within the process control system, such as control modules within the 
controllers 12, field devices 14, 16, etc. 

As illustrated in Fig. 2, the smart process object 42e also includes a method storage 58 
that is used to store zero, one or more methods 60 (illustrated as methods 60a, 60b and 60c in 
Fig. 2) to be implemented by the smart process object 42e during execution of a process flow 
module by the execution engine 48. Generally, the methods 60 stored in the method storage 
58 will use the data stored within the data storage portions 53a and 53b and data obtained 
fi-om other smart process objects or even data from other sources, such as the configuration 
database or historian 28, via the inputs 54 and the outputs 56 to detennine infonnation about 
the process plant 1 0 or an entity within the plant 1 0. For example, the methods 60 may 
detemiine poor or bad operating conditions associated with the entity defined by the smart 
process object 42e, errors associated with that or other entities within the process plant 10, 
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etc. The methods 60 may be preconfigured or provided based on the type or class of smart 
process object and will generally be executed each time the smart process object 42e is 
executed within the execution engine 48 during runtime. Some example methods 60 that 
may be provided within a smart process object, such as the smart process object 42e, include 
detecting leaks, dead band, dead time, movement, variabiUty, condition monitoring, or other 
conditions associated with the entity. The methods 60 may also be provided to help calculate 
mass balances, flows and other system-level conditions associated with the plant 10. Of 
course, these are but a few of the methods that can be stored in and run by a smart process 
object, and there are many other methods that may be used, with such methods generally 
being determined by the type of entity being represented, the manner in which that entity is 
connected in and used in a process plant as well as other factors. While the smart process 
object 42e may store and execute methods that detect system-level conditions, errors, etc., 
these methods may also be used to determine other information about devices, logical 
elements, such as process control modules and loops, and other non-system-level entities. If 
desired, the methods 60 may be programmed or provided in any desired programming 
language, such as C. C++, C#. etc. or may be references to or may define applicable rules 
within the rule database 50 that should be run for the smart process object 42e during 
execution. 

During execution of the smart process object by the execution engine 48, the engine 
48 implements the communications defined by the inputs 54 and outputs 56 to each of the 
smart process objects in a process flow module 44 and may implement the methods 60 for 
each of those objects to perform the functionality provided by the methods 60. As noted 
above, the fimctionality of the methods 60 may be located in programming within the smart 
process object or defined by a set of mles within the rule database 50 that the engine 48 
executes, based on the type, class, identification, tag name, etc. of a smart process object, to 
implement the functionality defined by those rules. 

It will be noted that the smart process object 42e has a tag or unique name associated 
therewith that may be used to provide communications to and from the smart process object 
42e and to be referenced by the execution engine 48 during runtime. Still further, the 
parameters of the smart process object 42e can be simple parameters, such as simple values, 
or smart parameters that know the expected units associated therewith. Smart parameters can 
be interpreted and used by the process rules engine or execution engine 48 to assure all 
signals are being sent in the same units or are converted properly. Smart rules can also be 
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used to turn on and turn off groups of alarms for the smart process objects (or process flow 
modules) to create a smart alarm strategy and/or interface for the operator. Still fiirther, 
smart process object classes can be associated with equipment and module classes within the 
process control strategy of the plant 10 to provide a known linkage between a smart process 
object and the process variables it will need to interpret or access. 

Smart process objects may also include mode, status, and alarm behavior so that these 
.smart objects may be put in different modes during runtime, such as manual, cascade or 
automatic modes, may provide a status associated with the object based on its current 
operating state, and may provide alarms based on detected conditions, such as a parameter 
out of range, limited, high variability, etc. Smart process objects may also have a 
class/subclass hierarchy which enables them to be categorized in class libraries, to be 
collected together in a composite structure, etc. Still further, smart process objects may be 
acquired and released by other elements, such as control modules and other objects to enable 
the smart process object to recognize when its associated entity is busy or, for example, 
acquired by a batch control process within the plant 10. 

Smart process objects may be associated with any desired process entity, such as 
physical devices like pumps, tanks, valves, etc., or logical entities such as process areas, 
process loops, process control elements like process control modules, etc. In some cases, 
smart process objects may be associated with connectors, such a piping, conduit, wiring, 
conveyors belts, or any other device or entity that moves material, electricity, gas, etc. from 
one point to another point within the process. Smart process objects that are associated with 
connectors, referred to herein as smart links, are also tagged (even though the device or 
connector itself may not be tagged or able to communicate within the process plant 10), are 
generally used to represent process flow between smart process objects. 

Smart links will typically include properties -or parameters that define how different 
materials or phenomena (such as electricity) flow through the connection (e.g. steam, 
electricity, water, sewage, etc.) These parameters may indicate the type and nature of flow 
(such as the general speed, fiiction coefficients, type of flow like turbulent or non-turbulent, 
electromagnetic, etc.) through the connector, and the possible direction or directions of flow 
through the connector. Smart links may include programming or methods that ensure that the 
units of the source and destination object to which the smart link connects, match and, if not, 
may perform a conversion. The methods of the smart link may also model the flow through 
the connector using a model or an algorithm to estimate the speed or nature of the flow 



through the actual connectors. The stored parameters for the smart process object (such as 
ftiction parameters) may be used in these methods. Tlius. in essence, the smart links enable 
smart process objects to be aware of the other objects upstream and downstream of them. Of 
course, smart Imks may, for example, define the connections between other objects, the type 
of fluid, such as liquid, gas, electricity, etc. within the system, the upstream and downstream 
side of the entities, which other entities are upstream and downstream of the entity for this 
smart process object, the direction of material, fluid, electric flow, etc. in any desired or 
convenient manner. In one embodiment, the matrix 52 may be created prior to execution of 
process flow modules and may define for the smart links the interconnections between the 
different devices within the plant and, therefore, the interconnections between the different 
smart process objects. In fact, the execution engine 48 may use the matrix 52 to ascertain the 
upstream and downstream entities and thereby define the communications between the smart 
process objects and the methods associated with the smart process objects. Still further, one 
or more sets of rules may be provided to be used by the smart process objects to interact with 
each other and to obtain data fi-om each other as needed for the methods within the smart 
process objects. 

If desired, the smart process object 42e may provide hot links, such as URLs, to key 
documentation which may be applicable to the type of object, or which may be specific to the 
instance (depending on the criticality) of the device to which the smart process object 42e 
pertains. The documentation may be vendor supplied as well as user-specific. Some 
examples of documentation include configuration, operational and maintenance 
documentation. If desired, an operator may click on the object as displayed in an operator 
display to bring up the instance specific (if any) and generic documentation for the object or 
associated device. Also, the operator may be able to add/delete/change documentation 
independently of the system software. Furthermore, these hot links may be user configurable 
or changeable to provide the abihty to add knowledge links to objects in the operator 
interface, to provide for quick navigation to ^propriate information associated with the 
object and to provide the ability to add work instructions specific to the customer, or specific 
to the object type or even specific to the instance of the object. 

Generally speaking, an operator may run or execute the configuration application 38 
to create one or more process flow modules 44 for implementation during operation of the 
process 10. In one embodiment, the configuration application 38 presents a configuration 
display, such as that illustrated in Fig. 3, to the operator. As seen in Fig. 3, a configuration 
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display 64 includes a library or template section 65 and a configuration section 66, The 
template section 65 includes a depiction of sets of template smart process objects 67 (which 
may include the smart process objects 42 of Fig. 2) and non-smart elements 68. Essentially, 
the templates 67 and 68 are generic objects that may be dragged and dropped onto the 
configuration section 66 to create an instance of a smart process object within a process flow 
module. A partially completed process flow module 44c is illustrated as including a valve, 
two tanks, two pumps, a flow transmitter and two sensors interconnected by flow path 
connectors, which may be smart links. It will be noted that the process flow module 44c may 
be made up of both smart process objects and non-smart elements. 

When creating a process flow module, such as the process flow module 44c, the 
operator may select and drag the smart process objects 67 and the elements 68 illustrated in 
the template section 65 onto the configuration section 66 and drop them there in any desired 
location. Generally, the operator will select and drag one or more smart device process 
objects 67a or non-smart elements 68 depicting devices onto the configuration section 66. 
The operator will ttien interconnect the smart device process objects and non-smart device 
elements depicted within the configuration section 66 with smart connector process objects 
67b or non-smart elements 68 depicting connectors. The operator may change the properties 
of each of the smart process objects and non-smart elements during this process using pop-up 
properties menus, etc. and, in particular, may change the methods, parameters, tags, names, 
hot links, modes, classes, inputs and outputs, etc. associated with these smart process objects. 
When the operator has created a process flow module with each of the desired elements, 
typically representing a process configuration, area, etc., the operator may define rules or 
other functionality associated with the module. Such rules may be execution mles such as 
those associated with the performance of system-level methods, like mass balance and flow 
calculations which are to be performed during operation of the module 44c. After creating 
the module 44c, the operator may save that module in the module memory 46 of Fig. 2 and 
may, at that time, or later, instantiate and download that process flow module to the execution 
engine 48 in a manner that the execution engine 48 may operate the process flow module 44c. 

If desired, the smart process objects within a process flow module may be provided 
with a specific tag or may be provided with a tag including an ahas that can be filled in or 
selected at runtime by, for example, the execution engine 48 based on other factors, such as a 
piece of equipment or a route selected within the process control system. The use of alias 
names and indirect referencing in process control systems is discussed in detail in U.S. Patent 
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No. 6,385,496, which is .assigned to the assignee of the present invention and which is hereby 
expressly incorporated by reference herein. Any of these techniques may be used to provide 
and resolve aliases in tags for the smart process objects described herein. With the use of 
aliases and the like, the same process flow module may include or be used to support 
different views for sets of equipment, etc. 

The display 64 of Fig. 3 illustrates tabs (View I, View 2 and View 3) for different 
views of the process flow module 44c. These tabs may used to access and create different 
views associated with the process flow module 44c using some of the same smart process 
objects therein. The use of alias names in one or more of these views enables, for example, a 
routing executive or view which defines a route for process flow within the process plant 
during runtime to use the module 44c of View 1 even though different actual devices used 
within the route are specified after creation of the process flow module 44c. hi effect, the 
smart process objects may be connected to and become associated with different process 
entities at different times during runtime. Thus, with the use of alias names, the process flow 
modules arc not limited to static binding between the graphic user display and the process 
flow database. As an example, a view (such as View 2 of Fig. 3) may be associated with 
routing routine which may be used by an operator to select a route through different ones of 
the process entities. Upon selection of the route, thereby specifying specific process entities, 
the tag names or alias names in the other views may be filled in. thereby changing or 
specifying the behavior for these views. 

Generally speaking, when the operator creates a process flow module, the 
configuration appMcation 38 automatically stores the smart process objects, along with the 
connections therebetween, in a process flow database. This process flow database can then 
be used to create other process flow modules which may, for example, provide a different 
view using one or more of the same smart process objects. As such, when creating the 
second view, the operator can simply reference the smart process object, as already created 
and stored within the process flow database, and any methods, etc. stored therewith to place 
that smart process object in the second view. In this manner, the process flow database can 
be populated as the process control modules are created and the process flow database can be 
used at any time to create and execute other views, modules, and graphic displays using smart 
process objects which already exist within the process flow database. Using such a process 
flow database, each smart process object within the process flow database may support or be 
used in different process flow modules and in different views or displays for those process 
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flow modules. As wiH also be understood, the process flow modules are constructed or built 
by building displays for these modules and then specifying flow algorithms to be used in or 
associated with these process flow modules. Of course, individual process flow modules may 
be spread across and executed by different computers and process flow modules may be 
communicatively connected to one other to operate in conjunction with each other, either on 
the same or on different computers. 

As noted above, the operator may, as part of the process flow module creation or 
configuration process, attach or provide process flow algorithms to the process flow module. 
These process flow algorithms may be preconfigured to calculate or determine certain 
process or system-level properties, such as mass balance calculations, flow calculations, 
efficiency calculations, economic calculations, etc. with respect to the process depicted or 
modeled by the process flow module. As a result, the process flow modules themselves may 
have mode, status, and alann behavior, can be assigned to workstations, and may be 
downloaded as part of the display downloads. If desired, the flow algorithms may be 
executed by a separate or different execution engine or by the execution engine 48 to perform 
mass or heat balancing, flow routing, flow efficiency, flow optimization, economic 
calculations related to flow or other desired flow related calculations using the data provided 
in the smart process objects of the process flow module. Still further, these flow algorithms 
may access parameters from the control strategy, i.e., the control modules associated with and 
downloaded to the controllers, field devices, etc. and may, conversely,. provide data or 
information to these control modules. 

The execution of these flow algorithms may be enabled and disabled by the operator 
on a module by module basis at any given time. Likewise, the operation of these flow 
algorithms may be verified and debugged in any desired manner prior to the process flow 
module being downloaded to the execution engine 48. Similar to the smart process objects, 
the process flow modules or the flow algorithms associated therewith may be acquired and 
released by other entities within the process control system or plant 10. In order to take on 
this intelligent behavior, displays for the process flow modules may be built from display 
classes which can optionally have one or more of the process flow algorithms associated 
therewith. To engage a process flow algorithm the user may select the display and enable the 
special behavior (e.g. mass balance, flow calculation, etc.) which will take effect over the 
span of the smart process objects defined on the display. To perform this functionality, the 
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process flow algorithms should be associated with a particular workstation which can be 
defined as a property of the display or display class. 

It will be understood that the execution engine 48 is needed to enable the process flow 
algorithms to execute across an amalgamation of all process objects and links configured on 
all displays. Thus, the process flow algorithms will generally execute regardless of whether 
any display is loaded, i.e., called up and displaying information to a user. Of course, the 
process flow algorithms may be cross-checked across the entire process 10 or across defined 
subsets of the process 10. It will also be understood that, during execution of any particular 
process flow module, the execution engine 48 may provide a display to an operator on an 
operator interface depicting the interconnected objects or entities within the process flow 
module based on the graphical representations of the smart process objects and the non-smart 
elements within that process flow module. The parameters, graphics, etc. of the display will 
be determined by the configuration and interconnection of the smart and non-smart elements 
within the process flow module. Furthermore, alarms and other information to be provided 
on this or other displays will be defined and generated by the methods within the smart 
process objects and the flow algorithms associated with a particular process flow module. If 
desired, the execution engine 48 may provide a display for a process flow module to more 
than one operator interface or may be configured or set to provide no display, even though 
the execution engine 48 continues to execute the process flow module and thereby perfomi 
the methods, alarm behavior, flow algorithms, etc. associated therewith. 

Fig. 4 illustrates an example screen display 70 that may be generated by the operator 
interface application 40 on the display 37 of the workstation 20 of Fig. 1. The screen display 
70 includes a depiction of numerous process plant entities as set up and configured within, for 
example, the plant 10 of Fig. 1. In particular, fluid flow fi-om a tank farm is provided to a 
pump 72 which pumps liquid through a flow transmitter 74 to a tank 76 having a 
measurement device, such as a level sensor/transmitter 78, attached hereto. A pump 80 
pumps liquid from the tank 76 through a valve 82, a flow transmitter 84 and a heat exchanger 
86 to a second tank 88 having a sensor/transmitter device 89 attached thereto. The tank 88 
provides a first output through a flow transmitter 90 and a heat exchanger 92 to a third tank 
94 having a measurement or sensor device 95 thereon. The tank 94 provides an output 
through a heat exchanger 96 and a flow transmitter 98 to a distillation column. The tank 94 
also provides an output via a pump 1 00, a flow transmitter 1 01 and a valve 1 02 back to the 
input of the heat exchanger 86. Similariy, a second output of the tank 88 is pumped by a 
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pump 104 through a valve 106 and a flow transmitter 108 to a stepper column. While the 
entities depicted in the screen display 70 include tanks, pumps, flow transmitters, valves, 
lines, etc., connected in a particular configuration, any other process entities, including 
hardware devices and software or logical elements such as control loops, control modules, 
function blocks, etc. may be depicted within the screen display 70 in any desired 
configuration. Still further any of the devices, such as the tanks, transmitters, valves, etc. as 
well as the connectors therebetween depicted on the screen 70 may be generated by or 
associated with smart process objects within a process flow module used to create the display 
70 during runtime of that module. 

As will be understood, at least some of the interconnected entities within the screen 
display 70 are configured using the configuration application 38 and may be displayed on the 
display screen 70 by the execution engine 48 during runtime of a process flow module based 
on the smart process objects and other elements within the process flow module being 
executed. For example, the tanks 76, 88 and 94, the flow transmitters 74, 84, 90, 98, 101 and 
108 and the sensor/transmitter devices 78, 89 and 95 as well as one or more of the connectors 
connecting these elements may be generated on the display screen 70 by smart process 
objects associated therewith. Of course, only some of these entities need to have smart 
process objects associated therewith. 

During operation of the execution engine 48, the smart process objects associated 
with the entities of module depicted in Fig. 4 obtain data fi-om the acttial hardware (or 
software) entities associated therewith and may, in some cases, display this data to the 
operator on the screen 70 as part of or as associated with graphical element of the smart 
process object. Example data displays are illustrated for the flow transmitters 74, 84, 90 and 
98 as well as for the level sensors 78 and 89. Of course, certain ones of the smart process 
objects may be communicatively coupled together to send data to and obtain data from one 
another to be able to perform methods associated therewith. For example, the smart links 
may obtain data regarding flow, etc. firom other ones of the smart process objects within the 
process flow module depicted in Fig. 4. As indicated above, the methods for the smart 
process objects may perform any desired functions on the data obtained by and sent to the 
smart process objects to detect operating or other conditions within the plant 10, including 
errors or other adverse (or potentially good) conditions associated with the process plant 10 
or devices thereof. 
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In one example the tank 88, the sensor transmitter 89, which may be a level sensor, 
and the flow transmitters 84, 90, 101 and 108 (which are flow sensor devices) may each be 
associated with a different smart process object and be generated on the screen 70 using a 
smart process object. These smart process objects are communicatively tied to, and obtain 
data from the different devices with which they are associated. Thus, the smart process 
objects for the flow transmitters 84, 90, 101 and 1 08 obtain the readings of the flow through 
those actual devices as measured by those devices in the plant 10. Likewise, the smart 
process object for the sensor transmitter 89 is tied to and obtains the measurements made by 
the actual sensor pertaining to the level of the tank 88. Likewise, a smart process object for 
the tank 88 may be communicatively tied to each of the smart process objects for the flow 
transmitters 84, 90, 101 and 108 and the smart process object for the level sensor 89. The 
smart links connected to the tank 88 may specify the flow direction and upstream and 
downstream points associated with the flow transmitters 84, 90, 101 and 108. A method 
stored in or associated witii the smart process object for the tank 88 may use the data from the 
smart process objects for the transmitters 84, 90, 101, 108 and 89 and the heat exchangers 86 
and 92, to determine if the tank 88 is leakmg or losing BTUs (heat balance calculations). 
This method may operate by first determining the (instantaneous, average, integral, etc.) flow 
into the tank 88 as the sum of the flows measured by the flow transmitters 84 and 101 and 
then determining the outflow from the tank as the sum of the flows measured by the flow 
transmitters 90 and 108. The method may then determine the difference between these flows, 
as integrated over time, as the amount of fluid being added to (or subtracted from) the tank 
88. The method may next ascertain if this change in the amount of fluid within the tank 88 
over a particular amount of time is reflected by the difference in the level of the tank 88 as 
measured by the level sensor 89. If the level over the particular period of time, for example, 
increases less than expected, then the method associated with the tank 88 may detect and 
indicate to the operator that the tank 88 may be leaking fluid. Similarly, an increase in the 
level over the amount expected based on the obtained measurements may be used to detect or 
determine a faulty sensor or measurement device within this part of the plant 1 0. This 
technique can also be used to provide redundancy in measurements to, for example, cross 
check measurements or data with other related measurements thereby, in essence, making 
more measurements than absolutely required. Of course, any difference in the expected level 
and the measured level may be indicated to the operator as an error or an alarm, such as an 
advisory alarm. 



In another example, a smart process object may be created and implemented for the 
pump 72 and the flow transmitter 74. The smart process object for the pump 72 may be 
aware that it is connected to equipment within the tank farm and to the flow transmitter 74 
and may receive data from the smart process objects for these entities. A method associated 
with the smart process object for the pump 72 may receive the data from the smart process 
object for the flow transmitter 74 and determine the variabiKty of the flow as measured by the 
flow transmitter 74. (If desired, a method associated with the smart process object for the 
flow transmitter 74 may determine the variability of that transmitter, or an application within 
the transmitter 74 itself may determine the transmitter variability and provide this 
determination as data to the smart process object for the transmitter 74.) In any event, if the 
variability for the transmitter 74 exceeds a certain limit, the method for the pump smart 
process object may notify the operator of the high vaiiabiUty using an alarm, such as an 
advisory alarm. Of course, these are only a couple of methods that may be implemented to 
perform functionality at the operator interface level to detect conditions, such as problems, 
errors, alarms, etc. within the plant 1 0 and other methods may be provided and used as well. 

Still further, the execution engine 48 (which may have a separate execution engines 
for implementing displays and methods associated with smart process objects and for 
implementing flow algorithms associated with process flow modules) may implement flow 
algorithms associated with one or more process flow modules to calculate mass balances, 
flows, etc. for the portion of the plant depicted by those modules. The execution engine 48 
may, as part of this process, provide information or data to the other elements within the 
process plant 10, such as to process control modules running in the controllers 12 of the plant 
10. 

It will be understood that the functionality of the smart process objects and process 
flow modules operates in the operator workstation 20 and does not need to be downloaded to 
and configured within the controllers, field devices, etc. within the plant 10, which makes this 
fiinctionality easier to implement, view, change, etc. Further, this functionality enables 
system level determinations to be made more easily than down within the process devices, 
controllers, etc. because the information pertaining to the devices on a system level is all 
typically available to the operator workstation 20 in general and to the execution engine 48 in 
particular whereas all of this information is not typically made available to each controller 
and field device within the process plant 10. However, when it is advantageous to do so, 
some of the logic associated with the process flow modules, such as primitives, may be 
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embedded in the devices, equipment and controllers down within the process plant. The use 
of smart process objects enables the execution engine 48 to, for example, automatically detect 
leaks and produce alarms with no or only minimal amounts of user configuration activities, to 
calculate and track flow and mass balances within the plant 10, to track losses within the 
plant 10 and to provide higher level diagnostics for the plant 10. 

If desired, methods or rules may be established generically and applied to the different 
smart process objects and process flow modules generally or on a system-wide basis to detect 
and track loses, flows, variability, etc. within the plant 10 as well as to provide alarming and 
other condition detection within the plant 10 based on the configuration of the plant 10 as 
reflected in the smart process objects and process flow modules. These rules may be applied 
based on the type and nature of the smart process objects, what material is supported, such as 
liquid, gas, electricity, etc. and the connections between the objects as defined by the 
connection matrix 52 described above or any other information defining the interconnections 
between the devices within the plant 10 and, therefore, the interconnections between the 
smart process objects. 

Fig. 5 depicts one possible manner of integrating the execution engine 48 and process 
flow modules used thereby within a process plant have a distributed control strategy 
associated therewith. As illustrated in Fig. 5, the display class definitions 120 as created by 
the process flow modules for providing displays to an operator during execution by the 
execution engine 48 are provided to the control configuration database and engineering tools 
122 which may use and organize these display class definitions in any desired manner within 
the control strategy documentation. Process flow algorithms 124 may be connected to these 
display class definitions prior to runtime and then the display class definitions and flow 
algorithms bound thereto are instantiated and provided to the process flow module runtime 
environment 126 (which may be implemented in the form of one or more execution engines 
48 in different operator workstations). The process flow module runtime environment 126 
uses a download script parser 128 to parse the code during execution (i.e., to perfomi just in 
time object code conversion) and uses a mled-based execution engine 130 to execute flow 
algorithms or other rule based procedures provided for or bound to the display classes. 
During this process, the process flow module mntime environment 1 26 may communicate 
with the control module runtime environment 132, which may be executed in controllers and 
field devices associated with the process, to provide data or information to the control module 
runtime environment 1 32 or to access data or other information from the control module 
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runtime environment 132. Of course, the process flow module runtime environment 126 may 
communicate with the control module runtime environment 132 using any desired or 
preconfigured communication networks, such as the Ethernet bus 24 of Fig. 1. Of course, 
other methods of integrating the process flow modules and smart process objects described 
herein into a standard process control system or process plant may be used as well. 

When implemented, any of the software described herein may be stored in any 
, computer readable memory such as on a magnetic disk, a laser disk, or other storage medium, 
in a RAM or ROM of a computer or processor, etc. Likewise, this software may be delivered 
to a user, a process plant or an operator workstation using any known or desired delivery 
method including, for example, on a computer readable disk or other transportable computer 
storage mechanism or over a communication channel such as a telephone line, the Intemet, 
the World Wide Web, any other local area network or wide area network, etc. (which 
delivery is viewed as being the same as or interchangeable with providing such software via a 
transportable storage medium). Furthermore, this software may be provided directly without 
modulation or encryption or may be modulated and/or encrypted using any suitable 
modulation carrier wave and/ or encryption technique before being transmitted over a 
communication channel. 

While the present invention has been described with reference to specific examples, 
which are intended to be illustrative only and not to be limiting of the invention, it will be 
apparent to those of ordinary skill in the art that changes, additions or deletions may be made 
to the disclosed embodiments without departing from the spirit and scope of the invention. 
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CLAIMS 



1 . A process flow tracking system for use in a process plant having a process 
control system embedded in one or more controllers and further having a processor 
communicatively coupled to the one or more controllers, the process flow tracking 
system comprising: 

a computer readable memory; 

a process flow module stored on the computer readable memory including a 
plurality of interconnected objects representing different entities within the process 
plant and adapted to receive data pertaining to the different entities within the process 
plant and to display to a user a representation of the different entities within the 
process plant as interconnected within the process flow module; and 

one or more flow algorithms stored on the computer readable memory and 
adapted to be executed on the processor to interact with the process flow module to 
perform flow analysis for the different entities within the process plant as 
interconnected within the process flow module. 

2. The process flow tracking system of claim 1 , wherein the one or more flow 
algorithms are adapted to perform mass balance calculations for the different entities 
within the process plant as interconnected within the process flow module. 

3 . The process flow tracking system of claim 1 , wherein the one or more flow 
algorithms are adapted to perform flow tracking calculations for the different entities 
within the process plant as interconnected within the process flow module. 

4. The process flow tracking system of claim 1 , wherein the one or more flow 
algorithms are adapted to perform flow optimization calculations for the different 
entities within the process plant as intercoimected within the process flow module. 
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5. The process flow tracking system of claim 1 , wherein the one or more flow 
algorithms are adapted to perform economic calculations related to flow through the 
different entities within the process plant as interconnected within the process flow 
module. 

6. The process flow tracking system according to any one of claims 1 to 5, 
wherein the one or more flow algorithms are associated with the process flow module 
and are executed as part of the process flow module. 

7. The process flow tracking system of any one of the preceding claims, wherein 
the process flow module includes a status indicating a condition associated with the 
operation of the process flow module. 

8. The process flow tracking system of any one of the preceding claims, wherein 
the process flow module includes a mode indication and is adapted to operate in 
different manners according to the mode indication. 

9. The process flow tracking system according to any one of the preceding claims, 
wherein one or more of the interconnected objects includes a parameter memory 
storage adapted to store entity parameter data pertaining to an associated process 
entity, a graphic representation depicting the associated process entity to be displayed 
to an operator on a display device and a method adapted to be executed to perform a 
function using the entity parameter data to produce an output related to process 
operation. 

1 0. The process flow tracking system according to any one of the preceding claims, 
including a plurality of process flow modules, each process flow module including a 
plurality of interconnected objects representing different entities within the process 
plant and adapted to receive data pertaining to the different entities within the process 
plant and to display a representation of the entities within the process plant as 
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connected Avithin the process flow modules and a rules database that stores the one or 
more flow algorithms and that implements the one or more flow algorithms on each of 
the plurality of process flow modules. 

11. A process flow tracking system substantially as hereinbefore described with 
reference to and as shown in the accompanying drawings. 

12. Any novel feature or novel combination of features described herein and/or in 
the accompanying drawings. 
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